which the enzymatic cleavage of denatured DNA was measured by change m OD2eo of the assay solution.
Assay for Ant~-Nuclease Antibodies. The assay for anti-nucleass antibodies has been previously deecril~ed in detail (2) . Briefly, the activity of a known amount of nuclease was assessed after incubation with or without immune sera or affinity column purified antibodies. The antibody activity was expressed as the number of inactivating units per milliliter of antiserum and was calculated from the amount of reactivation obtained and from the dilution of antiserum used as previously described (2) .
Assay for Anti-Idiotypic Antibodies. This assay has also been previously described (3) and involves the measurement of the inhibition of antibody-mediated inactivation of nuclease. Briefly, an anti-nuclease antibody preparation was preincubated with an antl-idiotyplc antiserum for 5 min and then incubated with nuclease. The residual inactivating units were then determined and compared to that obtained by antibody not exposed to anti-idiotypic antisera. The inhibitory activity of an anti-idiotypic antiserum was calculated using the formula:
~[Nase + a-Nase + a-ID] -A[Nase + a-Nase] % Inhibition = A [Nase] -A [Nase + a-Nase]
in whmh A [Nase + a-Nase + a-ID] indicates actiwty measured in the presence of nuclease (Nase), anti-nuclease (a-Nase}, and anti-idiotype (a-ID), etc., as previously described (3) . An antibody preparation was considered to contain a given idiotype if prior incubation with antl-idiotypic antiserum caused a statistically significant (P < 0.05) inhibition of activity.
Ant~-Allotype Antzsera and Allotype Determination
The antl-allotype antisera used for these studies were produced by injecting anti-pertussis/pertussis complexes into allotypically dissimilar inbred mice as described by Herzenberg and Herzenberg (7) . Allotypes of individual animals were determined in an Ouchterlony double-diffusion system.
Results

Rat Anti-Idiotypic Antibodies.
Rat anti-A/J anti-nuclease antisera have been previously shown to contain anti-idiotypic specificity by the following criteria: (a) Extensive affinity column absorption with normal A/J globulins did not diminish the ability of these antisera to cause inhibition of enzyme inactivation; (b) while antisera with anti-aUotypic or anti-isotypic specificities could interact with anti-nuclease antibodies as demonstrated by their ability to form complexes that could be sedimented by high-speed centrifugation, they could not mediate inhibition of nuclease inactivation. Thus, only antisera reactive with the antigen-combining site appeared to cause such inhibition. Using similar methods, we have prepared rat antisera which inhibit SJL antibody-mediated inactivation of nuclease. The results obtained with this serum are presented in Table I , where they are compared with results obtained with the previously described rat anti-A/J anti-nuclease. As can be seen, each antiserum was capable of causing inhibition of inactivation only with the antibodies against which it had been prepared. Within the limits of the assay, there was no cross-reaction between the anti-nuclease antibodies from A/J and SJL animals with respect to either anti-idiotypic serum. These antisera thus defined two sets of idiotypic markers. Pooled A/J and SJL anti-nuclease antibodies were assessed for achvity m the presence and in the absence of anti-idlotypic antisera directed against e~ther A/J or SJL antibodies. The percent inhibition of inactivation was calculated by the formula described m the Materials and Methods. In this and subsequent tables a-AJ Id" and a-SJL Id" refer to antl-idiotypic antisera to A/J and SJLantl-nuclease antibodies, respectively Results presented here and previously (3) have sug- Immune sera from individual (B6 × A)FI animals were assayed for the presence of A/J idiotype by methods described.
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gested that A/J and SJL idiotypes showed strain specificity in contrast to individual or species specificity. To determine the distribution of the available idiotypic markers more fully, animals from various strains were immunized with nuclease and their sera tested individually for the presence of the A/J and SJL idiotypes. Table V presents the results of a limited survey. Two results are of note: (a) the SJL idiotype was absent in sera from B10 animals, although both strains belong to the same heavy chain allotype group (Ig-lb), and (b) both the A/J and SJL idiotypes were present in sera from BALB/c animals. To investigate the relationship of the two idiotypic markers in the BALB/c strain, their presence was assesed in animals of the CB.20 and BAB. 14 strains (also shown in Table V ). These strains, derived by backcrosses designed to transfer the Ig-1 b allotype to the BALB/c background, have been shown to differ in their expression of various variable region gene markers, suggesting a recombination event between variable region genes and constant region allotype marker genes of the BAB. 14 strain (9). As shown in Table V , CB.20 animals failed to express either the A/J or SJL idiotype, whereas the BAB. 14 animals expressed the A/J idiotype. This result is consistent with the hypothesis that the genes for the SJL and A/J idiotypic markers were separated by a crossover between variable region genes during the development of the BAB.14 strain. By this hypothesis, a tentative map for these markers would place the genes for the SJL idiotype marker closer to the heavy chain allotype gene locus. Discussion A failure to find a linkage relationship between /-/-'2 and the A/J antinuclease idiotypic marker was perhaps to be expected on the basis of previous linkage studies on idiotypic markers (9) . Such studies, however, have involved antigens not demonstrably under the control of H-2-1inked Ir genes. The influence of Ir genes on the expression of variable region genes could thus be formally tested in this system. This seemed particularly relevant in light of recent studies indicating sharing of idiotypes between T-cell and B-cell receptors (10) (11) (12) and suggesting possible interactions between idiotype-bearing molecules and products of H-2-1inked genes. Our results, however, do not entirely rule out an influence of H-2-1inked Ir genes on expression of heavy chain variable region idiotypes. It is possible that there are antibodies that cannot be detected by our antisera and that it is these antibodies that show Immune sera from individual ammals of stratus listed were tested for the presence of A/J and SJL idlotypes by use of the inhibition of reactivation assay dependence on Ir-gene function. Further experiments involving fractionation of the anti-nuclease antibodies and anti-idiotypic antisera are in progress to identify more precisely the specificity of the predominant antibodies detected in our assay.
While our results indicate linkage to the heavy chain allotype at a locus statistically significant level, they also suggest an apparently high level of recombination (10.5%). This recombination frequency should be viewed as tentative, as only 19 animals have been examined so far and the 2 Ig-1 b/Ig-1 b homozygotes bearing the A/J idiotype have not yet been formally proven to be recombinants by progeny testing. The observed phenotype may have resulted, for example, from suppression of the Ig-1 " allotype in a Ig-1 ~/Ig-1 b heterozygote to levels that could not be detected in our assay systems; tests are in progress to consider this possibility. In addition, since the precise mechanisms by which variable region expression is controlled have not been established, it remains possible that mechanisms other than genetic crossover events could lead to the expression of the A/J idiotype in Ig-1 b/Ig-1 b homozygotes. In this context, the possible operation of regulator genes controlling the level of expression of structural genes for idiotypes must be considered. Similar mechanisms have recently been suggested for the expression of human, mouse, and rabbit allotypes (13) (14) (15) (16) . Progeny testing of our putative recombinants should clarify the nature of these apparent recombinant animals, and the analysis of more backcross animals will allow calculation of a more accurate recombination frequency.
The strain distribution of the A/J and SJL idiotypes indicates some interesting relationships. B10 and B10.A mice did not express the SJL idiotype despite the fact that all three strains arelg-1 b. In contrast, BALB/c mice, belonging to the Ig-1" allotype group, expressed both the A/J and SJL idiotypes.
These observations may indicate the operation of different selective pressures on the evolution of variable region and constant region genes. The SJL-B10 relationship could result from either convergence during constant region evolution or divergence during variable region evolution. While it might be possible to propose a common origin for the A/J idiotype in the A/J and BALB/c strains on the basis of the ancestral background (17) , the BALB/c strain is not known to be ancestrally related to SJL. The expression of the SJL idiotype by the BALB/c may thus indicate convergent evolution of variable region genes.
The expression of the A/J idiotype by the BAB. 14 strain is consistent with the presumed recombination between the Ig-1 b constant region and the BALB/c variable region which apparently occurred during the development of this congenic strain (9) . However, the absence of the SJL idiotype in immune sera from the BAB. 14 strain suggests that the crossover event may have occurred within the VH region rather than between the VH and Vc regions, and thus separated the genes coding for the antibodies bearing the A/J and SJL idiotypes.
It should be noted that this map order presumes that the genes coding for the SJL anti-nuclease idiotypes are linked to the heavy chain allotype in the BALB/c strain, a hypothesis that has not yet been formally tested by backcrossing. While the CB.20 data makes this seem likely, the data must be considered preliminary until such linkage is established. Furthermore, this order may pertain only to the BALB/c heavy chain locus, as it has not been shown that idiotype markers occupy identical positions in the map of variable region genes in different strains. Finally, studies are in progress to characterize BALB/c antibodies bearing the SJL and A/J idiotypes, and to determine whether the idiotypes are on the same or different molecules.
Summary
Rat antisera raised against anti-nuclease antibodies from mouse strains A/J and SJL detect strain-specific idiotypic determinants related to the antigencombining site. These antisera have been used to investigate the genetic linkage and strain distribution of the anti-nuclease idiotypes. Despite the existence of an H-2-1inked immune response gene controlling the humoral response to nuclease, expression of the A/J anti-nuclease idiotype has been shown to be independent of genes in the H-2 region: the A/J idiotype was present in immune sera from strains A/J (H-2 a) and A.BY (H-2 b) but absent in sera from strains B10 (H-2 b) and B10.A (H-2a ). An analysis of the segregation of the A/J idiotype in offspring of the backcross (A/J × B10.A) × B10.A demonstrated linkage to the Ig-1 e heavy chain allotype markers. In a small sample of backcross animals a very high apparent recombination frequency was observed, but further backcross analyses and progeny testing of putative recombinant animals will be required to substantiate this observation. Analysis of the A/J and SJL anti-nuclease idiotype markers in the BALB/c, CB.20, and BAB. 14 strains indicate that these idiotypic markers may permit mapping of distinct variable region genes.
